A qualitative QCD analysis and a quantitative model calculation are given to show that the constituent quark model remains a good approximation even with the nucleon spin structure revealed in polarized deep inelastic scattering taking into account.
In addition, pure valence quark configuration is an approximation. Sea quark component should be considered even for a constituent quark model from a general view point of Fock space expansion. After including the valence and sea quark components mixing in the model Fock space, the third term of Eq.(4) (pair creation and annihilation term) will also contribute to the ∆q defined in Eq. (2) . This would make the quark spin sum ∆Σ deviating from the quark spin contribution ∆q further. This effect has rarely been calculated in quark model approach [16] . It will be shown in a valence-sea quark mixing model calculation (see section V) that this is an important correction to ∆q even for a 15% sea quark component mixing.
Neglecting the antiquark and the pair creation (annihilation) term and assuming the quark moment distribution of nucleon ground state to be spherically symmetric, Eq.(4) reduces to the Melosh rotation result discussed by Ma [15] .
To sum up, the quark spin sum ∆Σ of a constituent quark model should not be identified with the quark spin contribution ∆q measured in DIS. The fact that ∆q discovered in DIS is much smaller (see next section) than the constituent quark spin sum ∆Σ has not proved yet that the nucleon spin structure is inconsistent with the constituent quark model.
III. DUALITY OF NUCLEON SPIN STRUCTURE
After ten years intensive theoretical and experimental studies, now the world average of quark spin contribution to the proton spin is [17] ∆q 3 GeV 2 = ∆u + ∆d + ∆s = 0.82(1) − 0.44(1) − 0.11 (1) = 0.27 (4) . (6) We have explained in section II that there is not really a serious contradiction between the DIS measurement and the constituent quark model picture, even though for example, a pure valence nonrelativistic constituent quark model gives ∆u = 4 3 , ∆d = − 1 3 , ∆s = 0, ∆Σ = 1.
Because ∆q and ∆Σ are not the same matrix element of proton. However one question should be answered that where does the proton get additional angular momentum if one follows the QCD view point where quark axial vector current is only part of the source of the proton spin. Proton, as a QCD system, its angular momentum is in general consisted of [18] 
In a constituent quark model, the explicit gluon degree of freedom is usually neglected and its effect is included in the quark interaction term. Therefore only quark orbital angular momentum → Lq will be able to contribute additional angular momentum to proton spin besides the quark axial vector current operator → S q in the constituent quark model space. Let's also express the quark orbital angular momentum → Lq in terms of Pauli spinor,
It is interesting to note that the second and third term in Eq. (4) and (9) cancel with each other exactly. We have
where
represent the first term in Eq. (4) and (9) . We call them nonrelativistic quark spin and nonrelativistic quark orbital angular momentum because they can be related to the constituent quark model spin and orbital angular momentum if we make an assumption that the quark (antiquark) creation operator a † ks (b † ks ) can be directly related to the effective constituent quark degree of freedom (see section V). Eq. (10) would not contribute (we have this picture already more than twenty years); or attributed to the relativistic quark spin → S q which is reduced due to the orbital motion of quarks and the sea quark pair creation (annihilation) process (see section V), and the relativistic angular momentum → Lq will contribute compensation terms to make the total proton spin unchanged even for a pure s-wave constituent quark model state. We call this the duality of nucleon spin structure. The above discussion is obviously also true for other baryons.
IV. QCD RELATIONS AMONG BARYON SPIN, MAGNETIC MOMENT, AND TENSOR CHARGE
Now let's turn to baryon magnetic moment
Use the same Fourier expansion (5), we obtain
Use the expression (4) and (9) for → S q and → Lq, Eq. (12) can be reexpressed as
+pair creation and annihination terms.
Here
If we restrict our discussion on the baryon ground states, it is plausible to approximate the k 0 by its average k 0 and take k 0 as effective quark mass m ef f i
, we would have
+pair creation and annihilation terms,
where (15), after neglecting the pair terms, is quite similar to the magnetic moment operator that one has used in the constituent quark model calculation. Suppose a baryon ground state in Eq. (11) can be expressed by a Fock state of quark degree of freedom (see Eq. (28)), the average is over all Fock components and all quark energy. This average quark energy k 0 bounded in a baryon plays the role of the constituent quark mass, which explains why the constituent quark mass is much heavier than the current quark mass. However we have discussed before that it is not the relativistic spin 3 xψσ µν ψ which was emphasized recently by MIT group [19] . Its matrix element in a proton state is
where u (P S) is the Dirac spinor of proton and
, δq is called the tensor charge of proton (in general tensor charge of baryon). The spatial component of σ µν is Σ k = 1 2 ε ijk σ ij . Use the expansion (5) again, we obtain
Under the same approximation as mentioned above for Eq. (4), i.e., neglecting the antiquark and the pair creation (annihilation) term and assuming the quark momentum distribution of nucleon ground state to be spherically symmetric, the second expression of Eq. (17) reduces to the Melosh rotation result discussed by I. Schmidt and J. Soffer [20] .
¿From Eq. (10), (12)- (15) and (17), we obtain
Neglect the pair correction terms, we have
For ground state baryons, it is plausible to assume
Then we have
Therefore the Karl-Sehgal relations of the octet baryon magnetic moments upgraded by Cheng and Li [21] should be upgraded further
and the effective quark mass m 
An approximated relation between the nonrelativistic spin
, axial vector current and tensor current operators can be obtained as well. ¿From Eq. (10), (14) , and (17) , neglecting the pair creation and annihilation terms we have
Under further approximations mentioned for Eq. (4) and (17), i.e., in the pure valence quark and spherically symmetric momentum distribution approximation, by means of the second expression of → δq in Eq. (17), one can obtain another relation between nonrelativistic spin sum ∆Σ, axial charge ∆q and tensor charge δq of proton discussed by I. Schmidt, J. Soffer, Ma and He [22] which reads as ∆Σ + ∆q = 2δq.
V. A VALENCE-SEA MIXING CONSTITUENT QUARK MODEL CALCULATION
Constituent quark model is the most successful one in low energy hadron physics. Even for the polarization asymmetry in the valence region in DIS, the constituent quark model still gave a historical successful prediction [14] . The OZI rule violation and the nucleon spin structure studies do remind us that pure valence configuration is an approximation and the sea quark components should be taken into account. From a general view point of Fock space expansion, a baryon should be described by
where the higher Fock components have been omitted. Chiral quark model leads to a similar description of baryons, whereis replaced by a Goldstone boson (pseudo-scalar meson) [23] . Because we can't do a nonpertubative QCD calculation to check what we have discussed so far, a valence-sea quark mixing constituent quark model calculation has been done under these inspirations [24] . The model Hilbert space is assumed to be consisted of pure valence component q 3 and all possible combinations compatible with the quantum number of a baryon with colorless s-wave octet and decuplet q 3 combined withhaving pseudo-scalar quantum numbers. To meet the positive parity condition of the ground octet and decuplet baryons, the relative motion between q 3 andcenters is assumed to be in p-wave. The internal wavefunction of q 3 andand the relative motion wavefunction are all assumed to be a Gaussian one with a common size parameter b for simplicity of the numerical calculation. The model Hamiltonian is almost the same as those of the Isgur model [9] except that apair creation and annihilation interaction term has been included to mix the q 3 and q 3components.
where λ i f i are the SU
Gell-Mann operators, the V Gs ij , V Ga ij and V i,i j j correspond to the following diagrams of Fig.1 respectively, i.e., we use an effective one gluon exchange to derive the quark interactions except the confinement part which is introduced phenomenologically. The other symbols have their usual meaning. fig.1 goes here. The model parameters, u, d quark mass m, s quark mass m s , quark gluon coupling constant α s , q 3 quark core baryon size b, and confinement strength a c , are fixed by an overall fit to the ground state octet and decuplet baryon properties. Table I goes here. Table II goes here. Table I shows the wave function of the proton obtained from the diagonalization of the Hamiltonian (29) in Fock space (28) . The entry is the amplitude of the individual component. The total sea quark component is about 15%. It is an example of our model wave functions of ground state baryons.
Table II summarize our model predictions and the model parameters. These results show that it is possible to have a valence and sea quark mixing model which can describe, with the commonly accepted quark model parameters, the ground state octet and decuplet baryon properties as good as the successful pure valence quark model. Furthermore, the proton charge radius is reproduced as well. A too small proton charge radius has been a long standing problem of the constituent quark model. The first excited states are higher than 2 GeV. This is consistent with the fact that there is no pentaquark states observed below 2 GeV.
Table III goes here.
The spin content of the proton is listed in table III, where the matrix element of the axial vector current operator (4) in a spin up proton state is decomposed into particle number conserved components q 3 ↔ q 3 , q 4q ↔ q 4q and particle number nonconserved components q 3 ↔ q 4q . In doing this calculation, the quark (antiquark) operator a † iks (b † iks ) in Eq. (4) has been identified with the constituent quark (antiquark) degree of freedom. This is a model assumption and is usual for quark model calculations. The second column lists the axial charge of the pure valence configuration q 3 , there the relativistic correction (second term in Eq. (4)) and the normalization factor (−0.923) 2 have been included. The sum ∆u + ∆d + ∆s = 0.773 − 0.193 + 0 = 0.580 of the q 3 configuration divided by the normalization factor gives 0.580/ (−0.923) 2 = 0.681 which shows even for a pure q 3 configuration the axial charge ∆q is already different from the spin sum ∆Σ = 1 due to the relativistic correction. The fourth column lists the axial charge of the q 4q configuration. The sea quark contribution can't be separated due to quark antisymmetrization. Antiquark contribution (which has not been listed in table III) is quite small. This is the same as the chiral quark model result obtained by Cheng and Li [23] . The main reduction is due to q 3 ↔ q 4q transition term. Physically it is similar to the generalized Sullivan processes discussed by Hwang et al [16] and makes our model different from the chiral quark model [23] . The sum of the three terms listed in column 5 is quite close to the world average value ∆q listed in column 6 and the lattice QCD results listed in column 7 [25, 26] .
Tensor charge has been calculated by the operator in Eq. (17) . It has the relativistic correction and pair creation (annihilation) correction too. Again, it is reduced due to relativistic correction and pair creation and annihilation term, but the effect is small for the tensor charge in comparison with those for the axial charge. Up to now tensor charge has not been measured. Fortunately a lattice QCD calculation has just been published [27] . Even though their axial charge ∆q does not match the experimental results as well as that of Dong, Lagae, and Liu [26] , it might still show our model tensor charge is close to the reality [27] .
Even though the spin structure of barons is complicated than the naive pure valence quark model, the magnetic moments of baryons are fitted as well as the naive ones.
These results show that the nucleon spin structure information obtained in polarized DIS is possible to be described in a constituent quark model. Of course, the sea quark components should be taken into account. However, to fit the DIS measured nucleon spin structure, only about 15% sea quark component is needed. This means the naive pure valence quark model is a reasonable approximation. We would like to emphasize that we are certainly not pretend to claim having a good nucleon model. On the contrary, our model is a rough one, many points should be improved, and many points should be checked. The aim to show this model results is to pass a message that constituent quark model, after including small amount (∼ 15%) sea quark component, is compatible with the nucleon spin structure discovered in DIS.
VI. DISCUSSIONS AND CONCLUSIONS
Deep inelastic scattering detects the inner structure of nucleon directly and played vital role in establishing the quark model of hadrons. Constituent quark model is the most successful one in explaining the hadron properties. Polarized lepton-nucleon deep inelastic scattering reveals the spin structure of nucleon. Whether or not nucleon spin structure is consistent with the constituent quark model is controversial still.
The main messages of this report are:
1. In a truncated Fock space of a baryon with only effective quark degree of freedom, baryon spin operator can be decomposed in two equivalent ways
S NR and L NR are the quark spin and orbital angular momentum operators used in the nonrelativistic constituent quark model, while S and L are the quark spin (i.e., axial vector current operator) and orbital angular momentum operators derived from QCD Lagrangian.
2. The axial charge ∆q extracted from the polarized lepton-proton deep inelastic scattering is related to the matrix element of S in a polarized proton and should not be identified to the constituent quark model spin sum ∆Σ which is related to the matrix element of S NR .
3. Constituent quark model, after mixing a small amount(15%) of sea quark components, is able to describe the fact that ∆q ∼ 1 3 ∆Σ. The reduction of ∆q is due to relativistic correction and the transition matrix element q 3 S q 3.
4. The successful relation between magnetic moments and spins of baryons first obtained from constituent quark model are a robust relation. Even though it should be upgraded, the main feature of the Sehgal-Karl-Cheng-Li relations and the good fitting of baryon magnetic moments remain there even though the nucleon spin structure is complicated as revealed in polarized DIS.
5. The quantitative fit of baryon properties reported here, especially the axial charge ∆q and tensor charge δq of proton, is model dependent. The main messages mentioned above are not a model one except the numerical values of q 3 S q 3. This transition matrix element contribution to the axial charge ∆q might be a quark model version of the gluon contribution discussed in perturbative QCD calculation. Of course this point is tentative and further studies are needed.
The nucleon structure is certainly more complicated than the naive constituent quark model. However constituent quark model is a good approximation. The nucleon spin structure discovered in polarized deep inelastic scattering invites the improvement of constituent quark model, but does not invalidate it.
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